Polymer optical fibers provide a cost-effective, design flexible, and industry-scalable platform for THz waveguides. We here review the latest developments in the design, fabrication and characterization of plastic-based optical fibers for the terahertz. 
Introduction
In this talk we will give an assessment of the most recent technological advancements in the design, fabrication and characterization of plastic microstructured optical fibers (MOFs) for terahertz applications. We delineate the main challenges currently facing THz waveguides technology in general, and how they apply to polymer-based fibers in particular. We will also overview some niche applications pertaining to the terahertz waveband, where plastic MOFs can be an enabling and cost-effective technology.
Main challenges of the plastic-based THz fiber optics

Losses
Most solid materials exhibit large losses in the terahertz waveband, including several polymeric materials used in the fabrication of THz waveguides: polyethylene (PE), polymethyl methacrylate (PMMA), polystyrene (PS), polycarbonate (PC), and polyvinylidene fluoride (PVDF) to name a few. Therefore, the first challenge in the design of THz waveguides is to minimize propagation losses. Since air (and some other gases) possesses very low THz absorption, one successful strategy for reducing propagation losses is to maximize the fraction of power that is guided outside the material and within lossless dry air. As such, the fraction of modal loss to bulk material losses can be evaluated to first-order approximation, where S z = (E × H * ) ⋅ẑ , through:
Solid core subwavelength fibers
One type of plastic fiber that was demonstrated early [1] -and still in use today -is the subwavelength dielectric fiber, which is a simple freestanding wire of subwavelength-sized diameter. This step-index fiber allows singlemode HE 11 operation via total internal reflection waveguiding. Due to the subwavelength diameter of the solid core, the field of the fundamental guided mode becomes highly delocalized and significantly extends into the surrounding low-loss air cladding [see Fig. 1(c) ].
Porous core subwavelength fibers
Taking one step further, it was recently proposed [2, 3] and demonstrated [4] that the incorporation of deeplysubwavelength holes [see Fig. 1 (a)-(b)] in the otherwise plain solid core of a subwavelength fiber enables to further reduce the propagation losses compared to a microwire of similar diameter; and also to both broaden and shift the transmission window towards higher THz frequencies. A comparison between a solid polyethylene (PE) fiber and a porous PE fiber of the same outer diameter (d fiber = 120 µm ) is illustrated in Fig. 1(c) and Fig. 1(b) respectively, where the S z power flux of the fundamental mode at 1 THz (as computed by the full-vector finite-element method) is plotted. We observe that distribution of peak power in the porous fiber is achieved inside low-loss air holes; whilst in the solid core fiber the peak power is located in the center of the lossy dielectric core. It is not surprising that a porous fiber of comparable diameter enable lower modal losses than a solid rod fiber. This is achieved because of the smaller fraction of power [as calculated with Eq.(1)] in lossy material regions for the porous fiber (f α =12.3% in Fig. 1(b) ), compared to the solid core fiber (f α =28.3% in Fig. 1(c) ). Another benefit of using highly porous fibers is that for a given total propagation loss value (α tot = α mat + α mode ), larger fiber diameters can be used, instead of smaller subwavelength-sized diameters, such that modal excitation and coupling to freespace optics is more amenable in practice and therefore more efficient.
Packaging of subwavelength fibers
Handling and positioning of subwavelength fibers with minimal perturbation of the propagating signal is notably challenging due to the highly delocalized field of the core guided mode which interacts strongly with the surrounding environment [5] . Therefore the issue of core encapsulation is crucial. There are two principal motives for encapsulating a solid/porous core fiber within an outer polymer tube as shown in Fig. 2(a)-(b) and Fig. 2(c)-(d) . First, the solid tubular cladding confers greater mechanical stability and protection of the subwavelength-sized core, thus allowing smaller bending radii and protection against the accumulation of dust and other surface contaminants. Second, the outer tube cladding prevents the highly delocalized core-guided mode from interacting with the surrounding environment, thus eliminating cross-talk noise with adjacent waveguides, and losses incurred by direct manipulation of the fibers or due to fiber holders. Moreover, core encapsulation opens the way for sealing with dry air the tube cladding so as to eliminate losses due to water vapor in ambient air. 
Hollow-core fibers
Another successful approach to low-loss guiding in polymeric waveguides is to confine and guide THz radiation in the middle of a hollow-core fiber. The most basic type of hollow-core fiber is in the shape of a tube whose waveguiding mechanism occurs by anti-resonant reflection, which explains their designation as ARROW fibers (anti-resonant reflecting optical waveguide) [6] . Again, microstructuring of fibers enhances the design freedom for engineering the modal properties of polymeric waveguides. It has been proposed [7] that the alternance of polymeric high-index and low-index layers forming the tubular cladding of hollow-core fibers enables THz photonic bandgap waveguiding via Bragg reflection [ Fig. 3(a) ]. Such Bragg fibers have been fabricated [Figs. 3(b)-(c) ] and demonstrated HE 11 mode low-loss THz guiding [ Fig.  3(d) ] inside a relatively narrow bandwidth [8] . Moreover, it was shown that it is possible to obtain very wide bandgaps (i.e. transmission bandwidths) by doping with high-loss high-index TiO 2 micro-particles so as to enhance the refractive index contrast of the Bragg reflector; but the trade-off is the increase of the achievable minimum attenuation value compared to a similar low-loss low-index-contrast Bragg reflector [9] .
Because of the urgent need for low-loss and high-refractive-index materials as building blocks of THz optical components, the design and fabrication of composite materials (dielectric compounds, metal-dielectric, semiconductor-dielectric) is a fertile area of research. In this respect, a novel fabrication technique using consecutive stack-and-draw steps was demonstrated for creating composite materials made from low-melting-temperature metallic (or semiconductor glasses) microwires embedded in a polymer matrix [10] . These novel composite materials provide refractive-index-engineered and highly-polarization-sensitive dielectrics for the terahertz range. 
Experimental characterization of fibers
